




































	 Aerosol	 assisted	 chemical	 vapour	 deposition	 (CVD)	 is	 a	 sophisticated,	 unique	 and	modern
technique	 which	 is	 used	 to	 deposit	 coatings,	 films,	 and	 other	 related	 structures	 from
thermally	unstable	or	the	involatile	precursors	at	 laboratory	and	large	scale	productions.	A
light	weight	semiconducting	and	ceramic	oxide	based	coatings	on	appropriate	substrates	can
be	 produced	 at	 a	 lower	 cost	 by	 employing	 chemical	 vapour	 deposition	 method.	 There	 is
broader	choice	of	 chemical	precursors	and	 their	availability	 for	obtaining	high	quality	 thin
films	at	lower	cost	and	the	reaction	environment	is	more	flexible	ranging	from	low	pressure
to	 atmospheric	 pressure	 in	 CVD.	 New	 ferrocene	 containingheterobimetallic	 precursor,






from	 heterobimetallic	 precursor	 was	 in	 the	 range	 of	 4.39	 nm.	 The	 deposited	 thin	 film	 on













Nanostructured	 thin	 films	 of	 ceramic	 oxides	 are	 finding	
ever‐increasing	 applications	 in	 advanced	 nanomaterial	 tech‐
nology	 due	 to	 their	 modified	 surface	 morphologies	 [1].	 Tin	
oxide	is	an	n‐type	semiconductor	with	a	band	gap,	Egap,	of	3.6	
eV	at	27	°C	[2].	Being	a	semiconducting	nature	of	tin	oxide,	 it	
has	 numerous	 applications	 in	 transistors	 [3],	 solar	 cells	 [4]	
and	 as	 a	 gas	 sensor	 [5]	 by	 virtue	 of	 its	 chemical	 durability,	
thermal	 stability,	 and	 non‐stoichiometric	 stable	 phases	 [6].	
Certain	limitations	e.g.	cross	sensitivity	[7],	and	high	operation	
temperature	 for	 gas	 sensing	 [8]	 have	 been	 observed	 for	 tin	
oxide	 gas	 sensors.	 These	 disadvantages	 may	 be	 fixed	 by	
modifying	 the	 adsorption	 surface	 sites	 of	 these	 sensors	 [9].	
Those	 metals	 whose	 electronegativity	 is	 lower	 than	 Sn(IV)	
have	 outstanding	 sensitivity	when	 doped	 into	 tin	 oxide	 [10].	
Doping	 of	 tin	 oxide	 with	 noble	 metals	 (Palladium,	 Platinum,	
Gold)	 and	 other	metals	 (Fe,	 Co,	 Ni,	 Mn,	 Sb	 and	 Zn)	 [11]	 has	
been	 extensively	 studied	 [12].	 The	 incorporation	 of	 iron	 into	
tin	oxide	reduces	the	amount	of	oxygen	bonded	to	tin,	which	in	
turn	enhances	the	sensing	ability	of	tin	[13].	These	exceptional	
properties	 of	 iron	 oxides,	 coupled	 with	 a	 large	 surface‐to‐
volume	 ratio	 of	 tin	 oxide,	 results	 in	 high	 selectivity	 and	
sensitivity	 in	 these	composite	materials	 [2].	Tin	oxide	doping	
with	magnetite	(Fe3O4),	maghemite	(γ‐Fe2O3)	and	hematite	(α‐
Fe2O3)	 have	 been	 reported	 to	 manifest	 efficient	 gas	 sensing	
properties	 [14].	 Gas	 sensors	 made	 from	 these	 hybrid	
composite	materials	by	doping	method	have	a	lower	operating	
temperature	 and	 sensitivity	 due	 to	 an	 enhanced	 surface‐to‐
volume	 ratio	 [15].	 Structural	 changes	 associated	with	doping	
mainly	depend	on	the	method	of	synthesis	of	these	composite	
materials	[16].	Iron	doped	tin	oxides	have	been	reported	using	
different	 techniques,	 viz.	 the	 sol‐gel	 technique	 [17],	 pulsed	
laser	pyrolysis	deposition,	co‐precipitation	[18],	solvothermal	
reduction	[19],	ball	milling	[20],	combustion	[21],	and	atomic	
layer	 deposition	 [22].	 The	 usefulness	 of	 heterobimetallic	
coordination	 complexes	 as	 single	 source	 precursors	 for	 the	











Herein,	 we	 report	 the	 syntheses	 of	 a	 novel	 ferrocene	







All	 the	 synthetic	 work	 was	 carried	 out	 under	 an	 inert	
atmosphere	 of	 dry	 nitrogen	 using	 standard	 Schlenk	 techni‐
ques.	 All	 the	 chemicals	 were	 purchased	 from	 Sigma‐Aldrich	
and	 used	 as	 received.	 Elemental	 analysis	 was	 performed	 by	




Seiko	 SSC/S200	 model	 under	 a	 heating	 rate	 of	 10	 °C/min	
under	 nitrogen.	 p‐XRD	 studies	 were	 performed	 on	 a	 Bruker	
AXSD8	diffractometer	using	CuKα	radiation.	Scanning	electron	
microscopy	(SEM)	analysis	was	performed	using	a	Philips	XL	
30FEG.	 Single	 crystal	 X‐ray	 diffraction	 data	 for	 hetero‐
bimetallic	 complex	 was	 collected	 using	 graphite‐monochro‐










filtrate	 was	 vacuum	 evaporated.	 Product	 was	 re‐crystallized	
from	ethanol	as	orange	red	crystals.	Yield:	81%.	M.p:	76‐78	°C.	












the	 precursor	 was	 dissolved	 in	 15	mL	 THF	 in	 a	 two‐necked	
100	mL	 round‐bottom	 flask	with	a	 gas	 inlet	 that	 allowed	 the	
carrier	 gas	 (argon)	 to	 pass	 into	 the	 solution	 to	 aid	 the	
transport	of	the	aerosol	(Figure	1).	This	flask	was	connected	to	
the	 reactor	 tube	 by	 a	 piece	 of	 reinforced	 tubing.	 The	 argon	
flow	 rate	was	 controlled	 by	 a	 Platon	 flow	 gauge.	 Seven	 soda	
glass	 substrates	 (approx.	 1	 ×	 2	 cm)	 were	 placed	 inside	 the	
reactor	 tube,	 which	 is	 placed	 in	 a	 CARBOLITE	 furnace.	 The	
precursor	solution	in	a	round‐bottom	flask	was	kept	in	a	water	
bath	above	 the	piezoelectric	modulator	of	a	PIFCO	ultrasonic	
humidifier	 (Model	 No.	 1077).	 The	 aerosol	 droplets	 of	 the	
precursor	 thus	 generated	were	 transferred	 into	 the	 hot	wall	
zone	 of	 the	 reactor	 by	 carrier	 gas.	 Both	 the	 solvent	 and	 the	
precursor	were	evaporated	and	the	precursor	vapour	reached	







The	 bimetallic	 compound	 was	 crystallized	 from	 ethanol.	
The	 ferrocenyl	 carboxylate	 showed	 mono	 and	 bidentate	
coordination	 modes	 with	 the	 organotin(IV)	 derivatives.	 The	
newly	 synthesized	 ferrocene	 containing	 compound	 was	 also	
found	 to	 be	 air	 and	 water	 stable.	 In	 the	 IR	 spectra,	 the	
disappearance	 of	 the	 characteristic	 peak	 in	 the	 region	 3500‐
3300	 cm‐1	 for	 the	 hydroxy	 moiety	 of	 the	 carboxylic	 acid	
indicates	 deprotonation	 and	 constitution	 of	 organotin(IV)	
derivative.	The	carboxylic	functional	group,	tin‐carbon	linkage,	




υCOOs	 stretching	 frequencies	 in	 regions	 1595	 and	 1357	 cm‐1	
respectively.	The	stretching	frequency	difference	(COOas‐COOs)	







The	 molecular	 structure	 and	 unit	 cell	 diagrams	 of	
C58H80Fe2O4Sn2	 are	 shown	 in	 Figure	 2	 and	 3,	 respectively;	
crystal	 data	 and	 refinement	 and	 selected	 bond	 lengths	 and	
angles	are	listed	in	Table	1	and	2,	respectively.	
The	 polymeric	 nature	 and	 trans‐O2SnC3‐coordination	
sphere	 is	 common	 for	R3SnO2CR’	 (where	R	 =	n‐alkyl	 groups)	
[34].	 The	 nature	 of	 the	 bridging	 is	 anisotropic,	 in	 which	 tin	
forms	one	short	 [Sn(1)‐O(1)	215.5(4)	pm]	and	one	 relatively	
long	 [Sn(1)‐O(2)	 255.6(4)	 pm]	 bond	 to	 oxygen.	 These	 bond	
lengths	 are	 comparable	 to	 other	 Sn‐O	bonds	 found	 in	 typical	
polymeric	 triorganotin	 carboxylates,	with	 short	 (212.0‐224.6	
pm)	 and	 long	 (224‐265	 pm)	 bonds,	 respectively.	 The	 O(1)‐
Sn(1)‐O(2)	 angle	 [167.5(8)°]	 is	 also	 comparable	 to	 other	
angles	 found	 in	 typical	 polymeric	 triorganotin	 carboxylates	
(168.6‐178.7°)	[35].	The	ferrocene	unit	is	attached	on	the	one	
dimensional	 zig‐zag	 polymeric	 structure	 and	 is	 directed	 up	
and	downwards,	alternative	to	the	tin	carboxylate	plane.	This	
setup	 is	 unique	 in	 a	 sense	 that	 it	 is	 a	 heterobimetallic	metal	
organic	network	in	which	one	metal	atom	(Sn)	contributes	to	
the	bonding	for	the	formation	of	the	network	structure	and	the	






































































































and	 completes	 at	 226	 °C	with	weight	 loss	 of	 12.5%	which	 is	
equivalent	to	the	weight	of	the	butyl	group	(‐C4H9).	The	second	
decomposition	step	starts	at	229	°C	and	completes	at	285	°C,	
with	 weight	 loss	 of	 18.1%	 corresponding	 to	 the	 aromatic	
group.	The	third	decomposition	stage	starts	at	286	°C	and	ends	
at	 329.3	 °C,	 with	 an	 endothermic	 weight	 loss	 of	 the	
cyclopentadienyl	 (‐C5H6)	 fragment.	 The	 last	 decomposition	
step	occurs	 at	 355‐517	 °C,	 corresponding	 to	 the	 evolution	 of	
CO	 from	a	 carboxylate	 group	with	 a	weight	 loss	 of	 9.5%	and	
leaving	a	residue	of	38.3%	of	 the	 initial	weight.	This	residual	
weight	 is	 almost	 close	 to	 the	 expected	 composition	 for	











rate	 at	 of	 160	 sccm	on	 glass	 substrates.	Dark	black	 adherent	








The	 thin	 film	 developed	 at	 425	 °C	 produced	 three	 broad	
Braggs	peak	at	26.6,	33.9	and	51.8°,	and	three	other	peaks	at	
54.7,	61.8	and	71.2°,	indexed	as	cassiterite	syn	(ICDD	04‐003‐
0974)	 [36],	 having	 a	 tetragonal	 system	 with	 the	 P42mnm	
(136)	space	group.	The	lattice	dimensions	a	=	b	=	4.738	Å	and	
c	 =	 3.186	 Å	 and	 no	 peak	 for	 iron	 oxide	 were	 observed;	 the	
decrease	 in	 the	 crystallite	 size	 and	 broadening	 of	 the	 peak	
suggests	 that	 the	 iron	 has	 become	 incorporated	 in	 the	 tin	









The	 surface	 morphology	 of	 the	 deposited	 film	 at	 425	 °C	






Figure	 5.	 SEM	 image	 of	 the	 thin	 film	 deposited	 from	 heterobimetallic	
complex	at	425	°C.		
	
The	 irregular	 shape	 of	 the	 particles	 can	 be	 attributed	 to	
iron	doping	into	the	tin	oxide	lattice.	The	literature	shows	that	
iron	acts	as	a	crystallite	 inhibitor	[38].	The	AFM	micrographs	
(Figure	 6a	 and	 6b)	 for	 the	 surface	 topology	 of	 the	 deposited	
film	 at	 425	 °C	 show	 non‐homogeneously	 dispersed	 surfaces	
throughout	 the	 film.	 The	 thickness	 of	 the	 film	 and	 crystallite	
size	 is	 controlled	 by	 the	 optimization	 time	 of	 deposition	 and	
concentration	 of	 precursor	 solution	 [39].	 The	 AFM	 image	 of	
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The	 newly	 synthesized	 ferrocene	 containing	 hetero‐
bimetallic	complex	was	used	for	the	growth	of	nanostructured	
thin	 film	of	 iron	 tin	oxide	by	aerosol‐assisted	chemical	 vapor	
deposition.	 The	 average	 roughness	 of	 deposited	 film	 from	
ferrocene	 containing	 heterobimetallic	 complex	 was	 in	 the	
range	of	4.39	nm.	The	precursor	shows	the	cassititrite	phase	of	
tin	 with	 iron	 incorporation	 in	 the	 lattice.	 The	 optimized	
conditions	 for	 the	deposition	 of	 iron	 tin	 oxide	 thin	 film	 from	






data	 for	 the	 heterobimetallic	 complex	 structure	 reported	 in	
this	 article.	 It	 has	 been	 deposited	 with	 Cambridge	
Crystallographic	Data	Centre.	Soft	copies	of	the	complete	detail	
of	crystallographic	data	of	the	said	structure	may	be	obtained	
free	 of	 charge	 from	 the	 Director,	 CCDC,	 12	 Union	 Road,	
Cambridge,	 CBZ	 IEZ,	 UK.	 Facsimile	 (44)	 01223	 336	 033,	 E‐
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